The cell surface adhesion receptor CD44 reportedly affects the development and progression of cancers. Moreover, CD44 gene rs187115 polymorphism appears to be genetic determinant of cancer susceptibility. We investigated whether CD44 rs187115 polymorphism is associated with colorectal cancer (CRC) risk and prognosis. We enrolled 669 CRC cases and 826 controls in this three-center case-control study in a Chinese Han population. All individuals were genotyped by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry. Cross-over analysis, multivariate logistic regression, Kaplan-Meier method, and Cox regression analysis were used for analysis. In this study, CD44 rs187115 polymorphism was associated with increased risk for CRC. Stratified analyses revealed that CD44 rs187115 polymorphism was correlated with increased risk for CRC in females, drinkers, smokers, and those aged ≥ 60 years. In addition, rs187115 polymorphism was significantly associated with TNM III+IV stage, lymph node metastasis and tumor size in CRC patients. Combined effects of CD44 rs187115 polymorphism (GG/AG vs. AA) and environmental factors (smoking and drinking) further increased the risk of CRC. GG genotype carriers showed poorer overall survival than AA genotype carriers. Cox regression analysis showed that drinking, CD44 rs187115 polymorphism, and TNM stage were independent prognostic factors affecting CRC. These findings show that CD44 rs187115 polymorphism may be a potential biomarker predictive of CRC susceptibility and prognosis.
INTRODUCTION
Colorectal cancer (CRC) is among the most commonly diagnosed cancers and a major cause of death from cancer worldwide [1] . For example, more than 1.8 million CRC cases and 881,000 related deaths were reported in 2018 [1] . In the United States, 135, 000 new CRC cases and 49, 000 CRC-related deaths were estimated in 2017 [2] . In China, CRC is the 4th most common cancer among women and the 5th most common among men [3] . The most important factor affecting the prognosis of CRC patients is early detection; while tumors are still localized, the 5-year survival rate is > 95% [4] .
The pathogenesis of CRC is still unclear. Cigarette smoking [5] , drinking [6, 7] , dietary patterns [8, 9] are all risk factors for CRC. It is well known that interactions between genetic factors and environmental factors contribute to the occurrence and development of CRC [10] . Identifying new genetic biomarkers for diagnosis and prediction related to CRC would be of great clinical relevance.
The cell-surface glycoprotein CD44 is a major adhesion molecule within the extracellular matrix. By functioning as a receptor for osteopontin and hyaluronate, CD44 mediates cellular adhesion to cellextracellular matrix [11] . CD44 also plays important roles in the differentiation, invasion and metastasis of tumor cells [12, 13] , is associated with poor clinical outcomes in cancer patients [14, 15] . The CD44 gene is located on chromosome 11p13 [16] . Singlenucleotide polymorphisms (SNPs) in CD44 gene may affect the protein expression, thereby influencing individuals' susceptibility to cancer. In particular, a number of studies [17] [18] [19] [20] [21] [22] [23] [24] [25] have explored the association between the CD44 rs187115 polymorphism and cancer risk, though their findings have been inconsistent. One Chinese study [22] found that CD44 rs187115 polymorphism was not associated with CRC risk in a southern Chinese population. To assess this relationship in an eastern Chinese population, we designed a three-center case-control study to evaluate the association between CD44 rs187115 polymorphism and CRC risk. In addition, we explored the link between CD44 rs187115 polymorphism and the clinical features of CRC and its prognosis.
RESULTS

Characteristics of the study population
The baseline characteristics of the participants are summarized in Table 1 . There were no significant differences between the cases and controls with regard to age, sex and smoking habits. Notably, the distributions of drinkers in the cases differed from those in the controls (P <0.001). Among the 669 patients included in the study, 461 had colon cancer and 208 had rectal cancer. Among the CRC cases, 643 (96.1%) were adenocarcinomas, 18 (2.7%) were squamous cell carcinomas, and 8 (1.2%) were other types of CRC. Sixty-nine (10.3%) of the tumors were well differentiated, 517 (77.3%) were moderately differentiated, and 83 (12.4%) were poorly differentiated. Other clinical parameters investigated were TNM stage, lymph node metastasis, family history, and tumor size.
Relationship between CD44 gene rs187115 polymorphism and CRC risk
The genotype and allele distributions for CD44 gene rs187115 polymorphism differed significantly between the CRC patients and the controls ( Table 2 ). There was no significant deviation in the genotypic frequencies from the Hardy-Weinberg equilibrium (HWE) among the controls. Individuals with AG or GG genotype were at higher risk than those carrying the AA genotype (AG vs. AA: OR, 1.74; 95%CI, 1.41-2.16; P = 0.002; GG vs. AA: OR, 1.88; 95%CI, 1.27-2.78; P = 0.002). Similarly, subjects with the GG+AG genotype or G allele were found to have a significantly increased risk for CRC. These findings also held true in the homozygote and dominant genetic models after adjusting for sex and age.
We then further evaluated the effect of CD44 rs187115 polymorphism on the risk of CRC after stratification based on sex, age, alcohol and smoking ( Table 3 ). The significant relationship between CD44 rs187115 polymorphism and CRC risk was more pronounced among female, smokers, drinkers, and patients aged ≥ 60 years.
Combined and interactive effects of polymorphisms and environmental factors on the risk of CRC
We used cross-over analysis to evaluate the effects of the interaction between genetic factors and smoking or drinking on CRC risk (Table 4 ). For non-smokers and non-drinkers, the AG or GG genotype is not associated with a greater risk of CRC as compared to the AA genotype. For smokers, however, carrying the GG or AG genotype was significantly associated with an increased risk of CRC as compared to non-smokers carrying AA genotypes (GG + smoking vs. AA + nonsmoking: OR, 2.25, 95%CI, 1.29-3.93; P = 0.004; AG + smoking vs. AA + non-smoking: OR, 1.81, 95%CI, 1.35-2.44; P < 0.001). Similarly, CRC patients who drank alcohol and carried the GG or AG genotype had a higher risk of developing CRC than patients who did not drink alcohol and carried the AA genotype (GG + drinking vs. AA + non-drinking: OR, 2.89, 95%CI, 1.72-4.85; P < 0.001; AG + drinking vs. AA + nondrinking: OR, 2.32, 95%CI, 1.72-3.13; P < 0.001). We found that significant combined effects of CD44 rs187115 polymorphism and drinking contributed to an increased risk of CRC (Table 5 ). This indicates that there is a potential interaction between genetic factors and environment factors in CRC.
Correlation between CD44 rs187115 polymorphism and the clinicopathological characteristics of CRC patients
We next assessed the relationship between CD44 rs187115 polymorphism and the clinicopathological characteristics of CRC patients. As shown in Table 5 , the rs187115 AG or GG genotype was more frequent in patients with higher TNM stage (III+IV), larger tumor size (> 5 cm) and lymph node metastasis. In other words, CD44 rs187115 polymorphism was associated with TNM stage, tumor size and lymph node metastasis in CRC. 
CD44 rs187115 polymorphism with CRC patient prognosis
We followed up 125 CRC patients to evaluate the effect of CD44 rs187115 polymorphism on the risk of CRC development ( Table 6 ). Patients with the GG or AG genotype showed lower overall survival than those carrying the AA genotype ( Figure 1 ). Univariate analysis indicated that rs187115 genotype (GG vs. AA, HR, 2.11, 95%CI, 1.03-4.31; P = 0.042), drinking (HR, 1.71, 95%CI, 1.01-2.90; P = 0.045), TNM stage (HR, 1.97, 95%CI, 1.17-3.30; P = 0.011), and tumor size (HR, 1.86, 95%CI, 1.11-3.12; P = 0.019) were associated with prognosis in CRC (Table 6 ). Subsequent multivariate analysis confirmed that drinking, CD44 rs187115 polymorphism, and TNM stage were independent prognostic factors in CRC patients.
DISCUSSION
In this study, we found that CD44 rs187115 polymorphism was associated with increased risk of CRC in this eastern Chinese population. Stratified analyses showed CD44 rs187115 polymorphism to be related to increased risk for CRC in male, drinkers, smokers, and older (≥ 60 years) individuals. Furthermore, this SNP was significantly correlated with TNM III+IV stage, lymph node metastasis and tumor size (>5 cm) in CRC patients. Cox regression analysis revealed that drinking, CD44 rs187115 polymorphism, and TNM stage were independent prognostic factors for CRC patients.
To date, several studies have investigated the association between CD44 rs187115 polymorphism and cancer risk with conflicting findings. Vazquez et al. found that CD44 rs187115 polymorphism was associated with weaker responses to chemotherapeutics and with poorer overall survival with soft-tissue sarcomas [17] . A subsequent study from Taiwan revealed that the gene-environment interactions between CD44 rs187115 polymorphism and betel quid chewing and smoking increase the risk of oral cancer [18] . Two other Taiwanese studies showed that this SNP was related to an increased risk and poor prognosis in bladder cancer [19] and hepatocellular carcinoma [20] . However, a study from China showed that CD44 rs187115 polymorphism was associated with a decreased risk for non-small cell lung cancer (NSCLC), but was also significantly related with bone metastasis and tumor stage for NSCLC patients [21] . Those investigators suggested this SNP might become a potential prognostic marker in NSCLC patients [21] . In another Chinese study [22] , Chen et al. observed that rs187115 polymorphism was associated with the risk of cervical, lung, and liver cancer, but not with the risk of breast, gastric, colon or rectal cancer. In Indian populations, however, no significant association was found with gallbladder [23, 24] and bladder cancer patients [25] . In this present study, we found CD44 rs187115 polymorphism was associated with increased risk for CRC, which is different from the study by Chen et al [22] . We suggest the reasons for that discrepancy are as follows. First, exposure factors were different between these two studies. Second, the eating habits and living environments were distinct. Third, the clinical heterogeneity of CRC may also be a potential factor. And fourth, the sample sizes differed.
In the stratified analyses, data indicated CD44 rs187115 polymorphism was associated with increased CRC risk in drinkers, smokers, and older (≥ 60 years) individuals, indicating potential interactions between these expose risk factors and CD44 rs187115 polymorphism, which may contribute to an increased risk of CRC. Thus, we next used the cross-over analysis to evaluate the effects of these abovementioned factors on CRC susceptibility. Data suggested that the combined effects of CD44 gene rs187115 polymorphism and drinking were partly account for an increased risk of CRC (Table 4 ). However, no significant interaction between rs187115 polymorphism and smoking was observed. Next, this study addressed the association between rs187115 polymorphism and clinical characteristics of CRC patients. We found that the rs187115 polymorphism genotype carriers in CRC patients were associated with lymph node metastasis, tumor size > 5 cm, and TNM III+IV stage. In previous studies, Stotz et al. showed that rs187115 polymorphism in the stem cell gene CD44 predicted the outcomes in Stage II and Stage III colon cancer patients [26] . They indicated that CD44 rs187115 polymorphism showed a statistically significant association with recurrence [26] , suggesting a risky role of this SNP in CRC patients, which was consistent with this study. However, Ramasami et al. indicated that CD44 was not associated with lymph node metastases or tumor stage [27] .
We further evaluated the relationship between CD44 rs187115 polymorphism and CRC patient prognosis. 125 CRC patients were followed up to assess the effects of CD44 rs187115 polymorphism on the risk of CRC. Data indicated that AG+GG genotype carriers yielded poorer overall survival compared with AA genotype carriers. Cox regression analysis showed that drinking, CD44 rs187115 polymorphism, and TNM stage were independent prognostic factors in CRC patients, which was consistent with the findings by Liu et al. [21] that rs187115 polymorphism a poor prognostic factor for lung cancer. Vazquez et al. revealed that CD44 rs187115 polymorphism was related to increased risk for sarcoma-related death and lower drug sensitivity [17] . All these data suggested that CD44 rs187115 polymorphism may be a prognostic factor for different cancers.
There are several potential limitations to the present study. First, the sample size was relatively small. Second, selection bias was unavoidable in this case-control study. Third, the follow-up data on CRC patients were deficient in some cases. Fourth, the two populations may not represent the general population because only hospital patients were enrolled. Fifth, we only explored one SNP in the CD44 gene. Finally, we could not provide data from experiments with cells or mice that could shed light on the mechanisms responsible for why the rs187115 polymorphism is associated with an increased CRC risk and a poorer prognosis for CRC patients. Consequently, those mechanisms remain unclear.
In conclusion, CD44 rs187115 polymorphism is associated with increased risk and prognosis in CRC. Further studies with a larger, more diverse population will be needed to determine whether the involvement of the CD44 rs187115 polymorphism can be generalized to a broader population.
MATERIALS AND METHODS
Subjects
In this three-center case-control study, 669 CRC patients and 826 sex-and age-matched controls were recruited from the Jiangsu Provincial of Traditional Chinese Medicine, Nanjing Drum Tower Hospital, and the Third Affiliated Hospital of Nantong University. All CRCs were confirmed histopathologically. The clinicopathologic characteristics of the CRC patients were extracted from medical records. The data collected included age, sex, smoking, alcohol intake, histological grade, family history, TNM stage, lymph node metastasis, tumor size, location of CRC, and the histology. Eligible controls were recruited from the same region as the cases during the same period.
This study was approved by the ethics committees of the Jiangsu Provincial of Traditional Chinese Medicine, Nanjing Drum Tower Hospital and the Third Affiliated Hospital of Nantong University and met the standards of the Declaration of Helsinki. Written informed consent was obtained from all the participants, and all the participants were above the age of 16.
Blood sampling and genotyping
DNA was extracted from peripheral blood leukocytes collected from the study participants using a DNA Purification Kit (Tiangen Biotech) according to the manufacturer's instructions [28] . Genotyping was done with matrix-assisted laser desorption/ionization time-offlight mass spectrometry (MALDI-TOFMS) using a MassARRAY system (Sequenom, San Diego, CA, USA). The primers used for nucleotide extension reaction were AGAAAGATGTTATCATCGTCACTG (forward) and GATGCCTTCAGATGCGAGTA (reverse). About 10% of the selected samples were randomly chosen for genotyping twice to ensure the genotyping accuracy. The results were 100% concordant.
Statistical analysis
All statistical analyses were conducted using SPSS 22.0 (SPSS Inc., Chicago, USA). The variables for cases and controls were estimated using Student's t-tests (continuous variables) or Chi-square (χ 2 ) tests (categorical variables). HWE was evaluated using a χ 2test. Using logistic regression analysis, the allele type and genotype distributions in two groups were evaluated by computing the crude and adjusted odds ratios (ORs) and their 95% confidence intervals (CIs). Stratified analyses were conducted according to sex, age, alcohol and smoking status. Logistic regression analyses were also used to evaluate the exposure combination models. Overall survival was calculated from the date of surgery to the time of death using the Kaplan-Meier method. We also examined the potential effects of different intervening variables (sex, age, smoking, drinking, histological grade, TNM stage, tumor size, lymph node metastasis, histology, genotype of rs187115 polymorphism and location of CRC) on survival of CRC patients using a multivariate Cox proportional hazards method (Backward Wald). Values of P < 0.05 were considered statistically significant.
